and platelet-reinforced glass matrix composites with an anorthite phase precipitat ed at the interface were fabricated by hot pressing. In order to evaluate the mechanical properties of the materials, four-point bending tests in air and in vacu um, and indentation fracture tests in air were per formed. The acoustic emission (AE) signals of the alu mina particulate glass composite were measured dur ing bending tests in air. The relative density and the elastic modulus of the samples sintered by hot pressing were higher than those of the samples sintered under atmospheric pressure. The bending strength of the samples with larger amount of precipitated phase decreased compared with that of the samples without precipitation both for tests in air and in vacuum due to coarse precipitation but there was a monotonic in crease of fracture toughness because of the interfacial precipitation. SENT observation of the crack paths indi cated that the crack propagated through the precipitat ed phase. The results of AE location were related to the bending strength behavior of the particulate sam ples.
Fracture toughness was determined using the in dentation fracture (IF) method in air, forming Vick ers indentations with 294 N on a polished surface of the samples. Fracture toughness was calculated us ing the equations of Anstis et al.,13) where the hard ness H was measured on each sample and elastic modulus E was measured by the ultrasonic method.
3. Results and discussion 3.1 Densification behavior Figures 2 and 3 show the polished and etched sur faces of samples P5, C1, PP2 and PC1, all of which contained more than 30 vol% of particles with inter facial phase precipitation. Large pores were ob served on samples C1 and PC1, which were sintered under atmospheric pressure. This revealed an in sufficient densification process. Samples P5 and PP2, sintered by hot pressing, had lower porosity compared to samples C1 and PC1. Tables 1 and 2 show the relative density and the elastic modulus of each sample. Both the relative density and the elastic modulus of samples P5 and PP2 were higher than these of samples C1 and PC1, in accordance with the better densification achieved by hot pressing.
The samples containing platelets, sintered by hot pressing revealed two-dimensional orientation with platelet facets oriented perpendicularly to the press ing axis. The samples sintered under atmospheric pressure also revealed two dimensional orientation of platelets because of the cold shaping by uniaxial press before CIP. Figure 4 shows the strength behavior of the com posites in air and vacuum as a function of the volume fraction of interfacial phase precipitation. In all cases, except for platelet-reinforced samples in vacu um, a peak is found and the bending strength decreases at high volume fractions of the interfacial phase. The bending strength in vacuum of the plate let-reinforced samples decreased monotonically. These decreases in bending strength cannot be due to the porosity effect since the densification behavior was improved by using the hot press. Figures 5 and  6 show the fracture origins of samples P5, C1, PP2 and PC1. The fracture of sample C1 with low density occurred from a large pore. The fracture of samples P5, PP2 and PC1, in contrast, occurred from a coarse precipitated grain. This might cause the decrease in bending strength in spite of the higher elastic modulus and the better densification. We found empirically that this coarse precipitation was caused by the slow heating rate which leads to an ex cessively high fraction of the precipitated phase. Fur ther investigation on the sintering condition is, however, needed. Sample P3 with 3.5% interfacial phase showed the highest bending strength in air among all the particulate samples. On the other hand, sample PP2 with 48% interfacial phase had the highest bending strength in air among platelet On the other hand, in the case of platelet-rein forced samples, the fracture toughness measured on cracks propagated in the x direction, which cor responds to the hot-pressing axis, was much higher than that of the particulate composite. In they direc tion, i.e., the direction perpendicular to the hot-press ing axis, the toughness value was lower than that of the particulate composite.
It is important to note that there was an increase of the fracture toughness due to interfacial precipitation. Generally strengthening the interfacial structure leads to decrease in tough ness due to the pull-out mechanism14),15) because in terfacial precipitation inhibits interfacial debonding.
The increase of fracture toughness by interfacial precipitation, therefore, is probably not caused by the pull-out mechanism. Figure 9 shows the crack paths induced by indentation on the surface of sam ples PP1 and PP2. In both cases a crack extended through the platelets and pull-out was not observed.
As a result, the crack paths of all the platelet-rein forced samples were almost identical. This result seems to suggest that the crack bowing mechanism enhances the fracture toughness, as in the particu late samples. Figures 10 and 11 show the results of AE location in air. The horizontal axis shows the location of AE between two AE sensors, and the zero point denotes the center of the specimen. The vertical axis indi cates the stress at the AE source. In sample P2, which has only a small amount of interfacial phase, the AE was concentrated just before the final frac ture in air. Sample P1 also revealed an unstable microfracture process similar to that in sample P2. On the other hand, in sample P3, the dispersed AE signals were recognized in air. The AE behavior of samples P4 and C1 was similar to that of sample P3 and thus they revealed a stable microfracture process. The highly precipitated sample P5, however, revealed an unstable AE behavior in air similarly to the samples without interfacial precipita tion. A coarse precipitated phase is thought to cause an unstable microfracture process because this was also responsible for a reduction in the bending strength of sample P5 below the value of the other precipitated samples. Data of AE location revealed higher bending strength as dispersed AE activity was found. AE location thus was a useful method for estimating the stability of the microfracture process of the particulate samples examined in this study. The dispersed AE behavior also seems to cor respond to the crack extension into the precipitated phase, as shown in Fig. 8 .
AE behavior
On the other hand, in the case of platelet-rein forced samples, observation of sample PP1 revealed that the AE was concentrated just before the final fracture in air. If a sample without interfacial precipi tation is prepared, it may reveal only the concentrat ed AE, such as samples P 1 and P2. On the other hand, sample PP2 revealed the dispersed AE in air, and the total number of AE events increased as com pared to those of the particulate samples. Samples PP3 and PC1 revealed the AE behavior similar to that of the sample PP2. Data of AE location, there fore, do not correspond in this case to the bending strength behavior, and the reason seems to be that the crack paths in all the platelet-reinforced samples were almost the identical. Fig. 11 .
Results of AE location of samples PP1 and PP2 in air. 4 . Conclusions Four-point bending tests in vacuum and in air and indentation fracture tests in air were conducted on alumina particulate and platelet-reinforced glass matrix composites produced by hot pressing or sin tering. The microf racture process in air was evaluat ed by the AE method.
(1) Hot pressing enabled us to produce samples with higher density and elastic modulus compared to those produced by sintering in air.
(2) The bending strength behavior with interfa cial precipitation as a function of the volume fraction of precipitated phase showed a peak except for the case of the platelet-reinforced samples in vacuum. The highly precipitated hot-pressing samples showed precipitation of coarse grains, which causes a decrease in bending strength.
(3) The fracture toughness of the samples with interfacial anorthite-phase precipitation exceeded be yond that without interfacial precipitation. The ob servation of a crack path revealed that a crack ex tended into a precipitated particle and platelet, the bridging or pull-out mechanism was not observed, and the crack bowing mechanism seems to enhance fracture toughness.
(4) The AE location indicated that the particu late samples in which the dispersed AE occurred showed higher bending strength than those in which only the concentrated AE occurred. The data of AE location of the platelet-reinforced samples, however, do not correspond to the bending strength behaviors and the reason seems to be that the crack paths of all platelet-reinforced samples are almost the identical.
